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very intimately related and he considers them but parts 
of a single system. The communis centre, however, is 
sharply separated from these, and he regards the latter sys- 
tem as related to entodermal structures, as distinguished 
from the two former which are related to ectodermal 
structures. These are undoubtedly related mainly, if not 
exclusively, to ectodermal sense organs, and it is quite 
possible that the acustico-lateralis was differentiated from 
the general cutaneous; but the communis system cannot 
in the existing Ichthyopsida be regarded as related even 
chiefly to entodermal structures. The taste buds them- 
selves lie mainly, and probably wholly, in the region of 
the stomodaxm, while the terminal buds of the outer 
skin, which are undoubtedly innervated from this system, 
are of course ectodermal. 

It is probably true that the communis system is 
descended from a system of visceral nerves which was 
primarily related to entodermal mucous surfaces and that 
it has only secondarily encroached upon the ectoderm of 
the stomodceum and of the outer skin. These ectodermal 
surfaces have also retained their proper nerve supply from 
the trigeminus. This is illustrated by such pathological 
cases as that of Adolf Schmidt ('95), where the visceral 
sensation (taste) of the anterior two-thirds of the tongue 
was totally lost, but tactile sensation not so profoundly 
affected. 

S E C T I O N  13.-CONCLUSIONS. 

I.-General. 

In addition to this general review, a summary will be 
found at the close of each of the sections and to these the 
reader is referred for the chief anatomical and morpho- 
logical findings. 
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The general result of the study is to demonstrate that it 
is possible, even in forms so highly specialized as the 
teleosts, to trace in serial sections the entire courses of 
the chief sensory and motor components of the cranial 
nerves and that the results of such an analysis show ;t 
striking fundamental agreement in the plan of the nervous 
system with the Amphibia, as worked out by Strong. 
This plan, in its main outlines, seems to be a palingenetic 
character of great constancy throughout the vertebrates. 
As in the Amphibia, the sensory components of the cranial 
nerves, to which attention has been especially directed, 
fall into three categories, each with its distinct terminal 
nuclei within the brain, roots, ganglia and peripheral 
branches. The latter, however, may be secondarily fused 
and modified in a great variety of ways, so that the periph- 
eral nerves, as commonly named, do not usually bear a 
simple relation to the roots and ganglia from which they 
arise; much less can they be regarded as simple metameric 
units. 

On the contrary, each of the sensory cranial systems has 
been, for physiological reasons, unified and concentrated 
in the medulla oblongata, and in consequence of this, it 
has come to be represented in the nerves of but few of the 
segments, either having been lost or not having been 
differentiated in the others. Thus it happens that any 
peripheral ramus may be composed of elements which are 
not only very diverse functionally, but which may have 
belonged primitively to different metameres. 

Of these systems the general cutaneous is probably the 
oldest phylogenetically. It has been subjected to very 
slight modification in the head as compared with its 
arrangement in the spinal nerves, though it is represented 
in the V and X nerves only. 
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The communis system is also probably very ancient in 
its simple visceral form. It  has, however, no pre-facial 
representative, and in the nerves in which it persists it 
has been highly modified in connection with the taste bud 
and terminal bud apparatus. 

The acustico-lateral system seems to have been diff eren- 
tiated rather late and in connection primarily with the 
facialis segment. 

The criteria of these components are primarily the 
central and peripheral relations of the nerves. It happens, 
however, that each component has certain characteristic 
and quite constant differences in the character of its nerve 
fibres which make it possible to separate them, as a rule, 
throughout their peripheral courses, even when several 
Components are bound up together in a common trunk. 
Thus, the somatic motor fibres are always large with wide 
medullary sheaths and large axis cylinders, the visceral 
motor fibres are usually very small with very feeble 
myelination, the communis fibres are very minute and 
with still more delicate medullary sheaths, the general 
cutaneous fibres are of small or medium size with 
occasional larger fibres scattered among them, their 
sheaths being somewhat heavier than those of the com- 
munis fibres, and the lateralis fibres are the largest of all, 
having very large axis cylinders and wide sheaths which 
usually stain more densely than those of the somatic 
motor fibres. 

These fibre characters, however, are not absolutely 
constant, but vary with the degree of development of the 
organs innervated. The clearest illustration of this is in 
the motor components. The branchial muscles, known 
to be of visceral origin, have acquired in the fishes 
the striation and large size of the fibres characteristic 
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of the voluntary muscles of the somatic series; and in 
correlation with this modification, we find that their nerve 
fibres, though quite certainly belonging to the viscero- 
motor series, are of large size, like the somatic motor 
nerves. Even among the somatic motor nerves it is a 
general rule that small muscle fibres are innervated by 
smaller nerve fibres than are larger muscle fibres. This is 
illustrated best in the eye-muscle nerves, but frequently 
also in the general somatic musculature. Among the 
sensory nerves, too, the size of the fibres seems to depend 
somewhat upon the state of development of the sense 
organ to be innervated. Thus, while the canal organs of 
the lateral lines are always supplied by very large fibres 
with wide sheaths, when the canals disappear and the 
organs lie exposed on the skin, as in a portion of the infra- 
orbitalline and in the main line of the trunk, these organs 
are usually smaller than those in the canals, and are 
supplied by smaller nerve fibres. And particularly the 
lateralis fibres which supply the small naked organs of 
the ‘‘ pit-lines ” are always of medium or even small size, 
though they have the characteristic very densely stained 
sheaths, so that they can be easily distinguished from 
general cutaneous fibres of the same size. And, again, 
the communis fibres, though very small when distributed 
to visceral surfaces or taste buds on mucous surfaces, may 
become somewhat larger and more heavily myelinated 
when they distribute to large terminal buds of the outer 
surface of the body, so that it is sometimes impossible to 
distinguish them from lateralis fibres for the “pit-organs.” 
This, however, is not always the case, for in sections of 
the siluroids and cyprinoids, where the terminal bud 
system is much more highly developed than it is in 
Menidia, I find these organs innervated by the very fine 
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fibres in the manner typical for organs of the communis 
system. 

11.-Recapitulation of the Nerves. 

The review of the components of the several nerves can 
best be done graphically by means of the diagrams, Figs. 
8 to 12. These diagrams are composites constructed from 
a series of camera outlines of transections of the brain 
running through the entire extent of the root area of the 
nerve in question and are drawn with a uniform magnifi- 
cation. They are somewhat schematic, but they are not 
theoretical, as only the components which I have observed 
in Menidia are included. They are, of course, far from 
complete and other components than those figured are 
doubtless present in many, if not all, of these nerves. 
In reading the following pages these diagrams giving 
projections upon the transverse plane should be compared 
with the projections upon the sagittal plane made from 
the same series of sections and given in Figs. 3 to 5. 

 the Spinal Nerves. 

The diagram, Fig. 8, exhibits the relations as seen at 
the level of the fourth spinal. The large ventral root 
passes through the ganglion into each of the rami in the 
typical manner, The dorsal root is very small, much 
smaller, apparently, than the combined sensory compo- 
nents of the rami which leave the ganglion. Fibres are 
seen to pass from the sympathetic chain into each of the 
rami. The ventral ramus is the largest and contains more 
sensory than motor fibres. The ramus medius is rather 
large and contains rather more motor than sensory fibres. 
The two dorsal rami are both small. The cephalic one, 
the r. communicans, is wholly sensory, the caudal one, r. 
spinosus, is wholly motor. They both run bodily into the 
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r. lateralis accessorius dorsally, from which they dis- 
tribute to the skin and adjacent muscles. The r. later- 
alis accessorius appears to serve as a collector for these 
nerves, though there is no evidence that any fibres pass 
in it very far from the segment in which they are related 
to the spinal cord. 

Viscero-motor fibres are doubtless present, here as in 
other cases, in both the dorsal and ventral roots, though 
my methods have not differentiated them. Such fibres 
probably originate from the cells of the paracentral nucleus 
(pc. n.) lying ventro-laterally of the canalis centralis and 
in what might be termed the cervix of the ventral cornu. 
There are probably also viscero-sensory connections of 
some sort in the spinal cord, though what they are in the 
fishes remains problematical. 

2. - The Vagus. 

The relations of the components in the vagus nerve are 
shown in Fig. 9. The motor fibres all belong to the vis- 
cero-motor type and come from the nucleus ambiguus and 
the commissura accessoria of Mauthner. The latter prob- 
ably come partly from the n. ambiguus of the opposite 
side and partly from the fasciculus longitudinalis dorsalis. 
They distribute to the pharyngeal muscles and to the m. 
trapezius (n. accessorious). There are probably other 
motor fibres of smaller calibre which distribute to the 
unstriated visceral musculature. 

The communis root from taste buds, terminal buds and 
general visceral surfaces terminates in the lobus vagi. It 
makes up by far the largest part of the vagus. 

The general cutaneous root arises from the jugular 
ganglion, which gives rise peripherally to the rami 
cutanei dorsales vagi. Centrally its fibres terminate in 
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the spinal V tract. This tract is drawn in Fig. g above 
the communis root, but in Fig. 4 below that root. As a 
matter of fact, it lies below the cephalic portion of the 
root, but above the caudal portion. These fibres supply 
the skin of the occipital region and of the dorsal part of 
the operculum. 

The lateral line root is the most dorsal and cephalic 
member of the vagus complex. I t  terminates in the 
tuberculum acusticum and supplies all of the lateral line 
organs which are not supplied from the VII nerve. 

3.- The Ghsopkaryngeus. 

There are but two components present, as shown in 
Fig. 10. The motor root arises from the cephalic end of 
the nucleus ambiguus and is the exact counterpart of the 
motor root of the vagus. I t  runs out under the spinal V 
tract and distributes to the muscles of the first gill. 

The communis root passes in under the root of the r. 
lateralis vagi and over the spinal V tract to terminate in 
the fasciculus communis near its entrance into the lobus 
vagi. These fibres distribute to the hinder surface of the 
first gill cleft, i. e . ,  to the first functional gill, exclusively- 
taste buds and general mucous surfaces-and are ex- 
tended forward ventrally as a lingual nerve to the tip of 
the hyo-branchial apparatus. From the sensory root a 
small anastomosing branch runs up to join the root of the 
r. lateralis vagi. 

q.-The Auditorj Nerve. 

This nerve terminates in the tuberculum acusticum and 
cerebellum along with the lateralis roots of the X and VII 
nerves. The details of its central connections were not 
investigated. So far as known it contains only acustico- 
lateralis fibres. 
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5.-The Facialis. 

There are four roots and three components, as dia- 
gramed in Fig. 11. The motor root arises from the 
motor VI I  nucleus and is related in passing out to the 
fasciculus longitudinalis dorsalis. It runs out under the 
spinal V tract and the VIII root, while the other VII 
roots pass over these structures. I t  runs into the truncus 
hyomandibularis and supplies the mm. levator operculi, 
adductor operculi, adductor hyomandibularis, adductor 
arcus palatini and hyo-hyoideus. These are viscero-motor 
fibres. like those from the nucleus ambiguus. 

The communis root enters the brain between the two 
lateralis roots, arising in the geniculate ganglion and 
forming the whole of the pre-auditory fasciculus com- 
munis. From the geniculate ganglion fibres go out to 
form the whole of the r. pre-trematicus VII for the 
pseudobranch and the mucous lining of the mouth adja- 
cent, and of the r. palatinus for the mucous lining and taste 
buds of the roof of the mouth and of the r. lateralis acces- 
sorius for special cutaneous sense organs. Other fibres 
enter the truncus hyomandibularis and supply the mucosa 
and taste buds of the lining of the mandible and lower 
lip; others enter the r. maxillaris of the truncus infra- 
orbitalis and supply taste buds of the upper lip; while 
still others enter the truncus supra-orbitalis. 

The two lateralis roots terminate together in the tuber- 
culum acusticum. The ventral one enters the truncus 
hyomandibularis and supplies the organs of the operculo- 
mandibular line. The dorsal one distributes its fibres to 
the supra- and infra-orbital trunks for the organs of the 
supra-orbital and infra-orbital lateral lines respectively. 
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6.-The Abducens. 

427 

The sixth nerve arises by two roots, each coming in 
part from the abducens nucleus and in part from the fas- 
ciculus longitudinals dorsalis. It is a pure somatic motor 
nerve and has no connections with any other nerve. 

7.-The Trigeminus. 

In  this nerve I have found but two components (Fig. 12). 
The motor root is like that of the VII nerve. The 
configuration of the oblongata is such at this point that it 
emerges really dorsally of the sensory root. It enters the 
r. mandibularis of the infra-orbital trunk and supplies the 
mm. depressor operculi, levator arcus palatini, adductor 
mandibulz, genio-hyoideus and intermandibularis. 

The general cutaneous root, after its entrance into the 
brain, sends some fibres to the chief sensory trigeminal 
nucleus and also makes up the whole of the pre-vagal 
spinal V tract. From its ganglion (the Gasserian g.) 
fibres enter the supra-orbital trunk (r. ophthalmicus 
superficialis V), the infra-orbital trunk (r. maxillaris and 
r. mandibularis V) and two twigs (only the more cephalic 
one shown on Fig. 12, t. f. I) run back to enter the 
truncus hyomandibularis for the skin of the lower part of 
the operculum. In addition to these, a few fibres go out 
with the radix longa of the ciliary ganglion which are 
apparently general cutaneous, rather than sympathetic 
and which I homologize with the r. ophthalmicus pro- 
fundus trigemini. 

8.-The Trochzlearis. 

This is, so far as known, a pure somatic motor nerve, 
arising from its nucleus in the floor of the mesoccele and 
doubtless also partly from the fasciculus longitudinalis 
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dorsalis. In  its intra-cranial course it is intimately related 
to the origin of the r. lateralis accessorius, but no inter- 
change of fibres could be demonstrate& 

9.- The OcuZoamotorius. 

The third nerve, like the fourth, is a pure somatic 
motor nerve. The origin is essentially as in the last case 
and the nerve peripherally has no connections with any 
other nerve save with the ciliary ganglion. 

111.-Review of the Cranial Components. 

1.-The General Cutaneous System. 

Under this head I have included all nerves, exclusive 
of the sympathetic, which terminate free in the skin 
without specialized end organs. These are mainly nerves 
of the tactile sense, but others are also doubtless included 
and this system will ultimately have to be broken up into 
several sensory systems. In  the head this system includes 
the two general cutaneous ganglia, the Gasserian and 
jugular ganglia, the root fibres from these ganglia, 
including the spinal V tract, and the terminal nuclei of 
these root fibres, viz., the chief sensory nucleus of the V 
nerve and the nucleus funiculi. The secondary tracts 
from these nuclei I have not studied exhaustively. They 
should also be included in a full account of the system. 

The morphology of this system is perfectly simple. It 
corresponds to the sensory system of the dorsal horns of 
the spinal cord. It has suffered less modification in the 
head than any of the other systems, the most important 
being its suppression in all but the V and X cranial nerves. 
If it survives in any of the other nerves, i t  is in so altered 
form as to be unrecognizable. See Section 3, I ;  Section 
5 ,  I, 3 and VIII ;  Section 7. 
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2.- The Acustico-Zateral System. 

These nerves are' related exclusively to the organs of 
the lateral line canals and allied sense organs, and to the 
similar organs of the internal ear. The system includes 
the ganglion of the acustic nerve, the ganglion of the r. 
lateralis vagi and the dorsal and ventral lateralis ganglia 
of the facialis, together with their root fibres and their 
common terminal nuclei in the tuberculum acusticum and 
cerebellum. Most of these root fibres terminate soon 
after their entrance into the brain in the tuberculum 
acusticum, but some turn cephalad to terminate in the 
cerebellum, while others turn as abruptly caudad to form 
a spinal VIII tract. 

This system has no representative in the spinal nerves. 
The extreme dorso-lateral position of its terminal nucleus 
and of the ascending and descending root bundles suggests 
that this system was the last sensory system to be differ- 
entiated in the medulla oblongata. It is closely related to 
the general cutaneous system ; nevertheless from a study 
of Weigert preparations of Menidia I cannot agree with 
Johnston ('gS), who finds from a study of Golgi prepara- 
tions of Acipenser that the acustico-lateral and the general 
cutaneous nerves belong to a single system with a com- 
mon terminal centre in the oblongata. The two systems 
are very distinct from each other in Menidia both 
centrally and peripherally. It is possible that the 
acustico-lateral system has been derived in the phy- 
logeny from the general cutaneous, a view which has 
been expressed by Cole ('97, p. 234) on embryological 
grounds. 

See Section 2 ;  Section 3, 11; Section 5 ,  I, 5 and X ;  
Section 6 ;  and Section 7. 
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3.-The Communis System. 

This system was composed primarily of the viscero- 
sensory nerves, though as we actually find it in the head 
much has been added upon this foundation; thus, it 
includes not only nerves to the visceral or mucous sur- 
faces, but to taste buds, to terminal buds of the outer 
surface and to the teeth. I t  is represented in the X, IX 
and VII nerves only, including all of the sensory IX, all 
but the lateralis portion of the sensory VII and all but the 
lateralis and general cutaneous portion of the sensory X. 
It6 ganglia are the geniculate ganglion of the VII  neilre, 
the whole of the IX ganglion and the branchio-visceral 
ganglia of the vagus. All of these fibres terminate in the 
lobus vagi-the vagus fibres directly, the others through 
the mediation of the fasciculus communis. There is no 
“lobus trigemini ” or pre-vagal terminal nucleus, as in 
many other fishes, this being correlated with the reduction 
of the terminal bud system in Menidia. 

The viscero-sensory system of the trunk seems to have 
been largly supplanted by the r. intestinalis of the vagus, 
yet the spinal nerves retain a vestige at least of this 
system. The centre in the spinal cord is uncertain, 
though in the higher forms Clarke’s column seems to be 
related directly or indirectly to these fibres. In  the fishes 
the corresponding region, the ‘L intermediate zone ” prob- 
ably contains a similar centre. This is suggested by the 
way in which the descending tract from the lobus vagi 
after passing the commissura infima Halleri runs back 
into the intermediate zone. 

See Section 3, I11 ; Section 5 ; Section 7 ; and Section I 2. 

+--The Motor Components. 
The topographical relations of the motor nerves have 

These components were not the been fully worked out. 
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primary objects of study in this research and the teleosts 
are too highly specialized forms to reveal to the best 
advantage the fundamental relationships of the motor 
centres. Nevertheless, accepting the distinction between 
somatic motor and visceral motor nerves, as now com- 
monly held by the morphologists, it appears that Menidia 
conforms to the usual schema given for the vertebrates'; 
that is, the eye-muscle nerves belong to the somatic mus- 
culature and all of the other cranial motor nerves to the 
visceral musculature. The latter has been very highly 
developed in the head to form the branchial musculature. 
These muscles, to increase their physiological efficiency, 
have become striated and the. nerve fibres which supply 
them are of large size like the other nerves for the volun- 
tary musculature. Responding to this demand, specialized 
centres of origin in the oblongata have appeared for these 
nerves, viz., the nucleus ambiguus and the motor nuclei 
of the VII and V nerves, and these nuclei are related to 
the great longitudinal medium of muscular co-ordination, 
the fasciculus longitudinalis dorsalis, just like the other 
voluntary nerve centres of the somatic series. 

The well-known relations of the motor nuclei of the 
several cranial nerves to this fasciculus are such as to 
leave no doubt that it is physiologically a very important 
medium of correlation of the various cranial and spinal 
motor centres. The fact that it is related to both the 
somatic and the visceral (branchio-motor) nuclei of origin 
makes its morphological interpretation rather perplexing. 
Its relations to the cranial nerve roots appear to be effected 
mainly, at least, through the medium of collaterals. 

The findings among the motor nerves to which attention 
is especially directed are, in addition to the preceding 
points, the following: 
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I.-The presence in the spinal cord of two motor nuclei, 
the ventral horn and the paracentral nucleus. The for- 
mer is a somatic centre and is probably represented in 
the head by the eye-muscle nerves only; the latter is 
probably a visceral centre, represented in the head by the 
viscero-motor nuclei, viz., the motor X, IX, VII and V. 
See Section 3, I11 and IV. 

2.-The first spinal is a fusion of two segmental nerves. 
The more cephalic one (occipito-spinal nerve b of Fiir- 
bringer) contributes a part to the brachial plexus, the 
remainder supplies the post-hyal hypoglossus musculature. 
The pre-hyal hypoglossus musculature is wanting in the 
teleosts and, in correlation with this, the spino-occipital 
nerve a of most other vertebrates is reduced. See Section 

3.-The post-hyal ventral musculature is innervated by 
the first spinal nerve, as usual. The pre-hyal hypo- 
glossus musculature is functionally replaced in the 
teleosts by a derivative of the constrictor system of the 
trigeminal segment of the selachians, viz., the so-called 
m. genio-hyoideus and the intermandibularis. These 
muscles in Menidia are innervated from the motor V (not 
motor VII, as commonly described), and can have nothing 
to do with the true ventral musculature. The first spinal 
nerve suffers a corresponding reduction. See Section 7,  

4.-The pharyngo-clavicularis muscles* are innervated 
from the vagus and not from the first spinal. This differs 
from the accounts of some others, especially Fiirbringer, 
and will necessitate some modifications in that author’s 
scheme of the relations of somatic and visceral muscles in 
the vagus region of teleosts. 

IV, 5 ,  zv. 

See Section 5, VII, 5 ,  v. 
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5.-There is a branch of the vagus for the m. trapezius, 
Section i. e . ,  a true spinal accessory nerve, in Menidia. 

5 ,  IX. 

1V.-Special Results. 

Among the more specific results to which attention is 
especially invited are the following: 

I .-The fasciculus communis and associated structures 
of the Ichthyopsida are in a general way homologous with 
the fasciculus solitarius and its associated structures of 
the Amniota, though the homology is not exact. 

2.-The innervation of the pseudobranch from the 
facial nerve supports Maurer’s later view that the teleos- 
tean pseudobranch represents a spiracular demibranch or 
mandibular gill. This organ is very highly developed in 
Menidia and has invaded the post-spiracular or hyoidean 
region of the pharynx so that the pre-trematic ramus of 
the IX nerve has entirely disappeared. 

3.-The nerve to the pseudobranch represents a pre- 
trematic ramus of the facialis and supplies the adjacent 
pharyngeal mucosa. This nerve coexists in some fishes 
with the chorda tympani, or pre-spiracular extension of 
the communis component for the hyoid and mandibular 
arches. The chorda is absent in Menidia and the post- 
trematic r. mandibularis internus VII  of fishes cannot be 
homologized with it, though in higher forms it is possible 
that the two nerves fuse into a common trunk. 

4.-The ophthalmicus profundus is apparently repre- 
sented by a vestigeal bundle of general cutaneous fibres 
which run out from the Gasserian ganglion with the radix 
longa of the ciliary ganglion. Having reached the latter 
ganglion, they can no longer be traced. 

5 .-The sensory epithelium of the olfactory organ 
T 
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exhibits the “olfactory buds” of Blaue, which are so 
general among the teleosts. The development, however, 
shows that these are not survivals of a more primitive 
condition, but that they are late and secondary acqui- 
sitions. Blaue’s supposition that they are related to the 
lateral line organs or terminal buds is impossible for 
several reasons. 

6.-I would reiterate the position taken by most of the 
recent students of nerves, that the morphological value of 
a given nerve is to be determined primarily by its terminal 
relations, i. P . ,  its central nucleus and its peripheral end- 
organ. These appear to be very constant, while its inter- 
mediate course may be modified by so many cenogenetic 
factors as to be of relatively small value in determining 
the homologies. 

7.-Finally, I would urge that the significance of the 
sensory components of the cranial nerves for metamerism 
has been greatly misunderstood. The consequences 
following the attempt to compare all sensory cranial 
nerves directly with dorsal spinal roots and to apply Bell’s 
law in its simplest form to the cranial nerves have been 
so disastrous to sound morphology that the tendency 
among the most recent writers seems to be to deny the 
metameric value of the sensory cranial roots altogether 
and to confine attention to the motor roots. This is also 
too extreme. The problems of metamerism in the case 
of the sensory roots are vastly more complicated than in 
the case of the motor; yet I do not believe that they are 
insoluble. Some suggestions as to the lines along which I 
think the solution is to be sought are given in the 
preceding section. 

DECEMBER 31, 1898. 
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DESCRIPTION O F  THE FIGURES. 

All of the figures of Menidia, viz., all except figs. 6, 14 and 15, are 
based upon a single series of transections of Menidia gracilis. The 
findings, however, were controlled by many other series prepared by 
the same and other methods. The serial numbers of the sections are 
indicated upon the scales above and below the plotted reconstructions 
and all drawings of transections are given their appropriate serial 
number. These serial section numbers are also used frequently 
throughout the text as a convenient means of referring to positions 
on the plots. The plots are accurately drawn to scale on the basis of 
a series of camera lucida outlines of representative sections. 

REFERENCE LETTERS. 

a. to i-naked cutaneous sense organs about the nasal apertures. 
a. c.-anterior semicircular canal. 
a. l-anastomosing root of the r. lateralis vagi derived from the 

amp. ex.-external ampulla. 
A R  7. -articular bone. 
a, Y. VZZ., a. Y.  VIL I. and a. r. VIZ. 2.-anastomosing rami 

from the vagus to the r. recurrens VII to form the r. lateralis acces- 
sorius. 

n. IX. 

6. c. and b. c. z. to b. c.  the five branchial clefts. 
6r. g. X.-the ganglia of the four branchial rami of the vagus, 

b. v.-blood vessel. 
cb.-cerebellum. 
cb. cr.-cerebellar crest. 
cb. VZI1.-cerebellar VIII, root fibres from VIII nerve to cere- 

CB~.-the third ceratobranchial bone. 
c. d.-dorsal cornu of spinal cord. 
cil. b.-ramus ciliaris brevis. 
cil. g.--ciliary ganglion. 
cil. l-ramus ciliaris longus. 
corn. ac. M.-commissura accessoria Mauthneri. 
corn. tit.-commissura infima Halleri. 
corn. IX.-communis (sensory) root of the glossopharyngeus. 
corn. mx.-the communis element for the r. maxillaris V. 
com. oph. sup,-the communis element for the r. ophthalmicus 

corn. VIZ.-communis root of the facialis. 
com. X.-communis root of the vagus. 

including the visceral ganglia. 

bellum of same side. 

superficialis. 
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60. I.-fibres from the second branch of the supra-orbital trunk for 

co 2.-do. from the fifth supra-orbital branch. 
CY. -cranial wall. 
cut. V.-the sensory (general cutaneous) component of the tri- 

cut.;X.-fibres from the spinal V tract to the cutaneous branches 

cut. X. 2 and cut. X. j.-rami cutanei dorsales vagi. 
cut. I.--cutaneous fibres from the first spinal to the region behind 

C. v.-ventral cornu of spinal cord. 
D.-dentary bone. 
d. 6.-first:dorsal root of first spinal nerve (6 of Fiirbringer). 
d. c.-second dorsal root of first spinal nerve (c of Furbringer). 
d@.-nerves for the depressor muscle of the pectoral fin. 
d. Zut. VI1.-dorsal lateralis root of the facialis. 
d. 1. g. VII-dorsal lateral line ganglion of the facialis. 
a’. V.-deep root of the V nerve, containing fibres from the motor 

V nucleus and for the ‘( chief sensory nucleus” of the V nerve. 
(2. Z.  to d. 4.-dorsal roots of second to fourth spinal nerves. 
EBq.--the fourth epibranchial bone. 
e. 6.-external semicircular canal. 
ESC.--extra-scapular bone, 
f. 6.-fasciculus communis. 
f. d. 2.-nerves from second spinal for skin of dorsal part of pec- 

f. Z. d.-fasciculus longitudinalis dorsalis. 
f. m. 3.-nerve from third spinal for skin of middle part of pec- 

FR.-frontal bone. 
f. v. 3.-nerve from third spinal for skin of ventral part of pectoral 

G.-the caudal extra-cranial tip of the Gasserian ganglion, giving 

Gas. g.--Gasserian ganglion. 
K . c d .  -ganglion cceliacum. 
gen. g. VII-geniculate ganglion of the facialis. 
g. IX.--ganglion of the glossopharyngeus. 
g. Zat. X.- ganglion of r. lateralis vagi. 
g. X. I. to g. X.  the ganglia of the first to third trunci branchi- 

ales vagi. 
g. X. g+s.-the common ganglion of the fourth truncus branchialis 

vagi and the r. intestinalis vagi. 
HM.-hyomandibular bone. 
hy.-rarnus hyoideus facialis. 
hy, I. to hy. 5.--branches of the r. hyoideus VII. 

the cornea. 

geminus. 

of the vagus. 

the cleithrum. 

toral fin. 

toral fin. 

fin. 

rise to the second anastomosing nerve, t. f. 2. 



HERRICK, Nerve Components of Bony Fishes. 447 

IN.-interhyal bone. 
111.-the n, oculomotorius. 
to. I. to to. 20.-branches of the infra-orbital trunk. 
i. 9. I to i. 9. 4.-pores of the infra-orbital lateral line. 
is.:m. 6.- dorsal ramus from first spinal nerve b to  interspinal 

muscles. 
IV.-the n. trochlearis. 
1X.-the n. glossopharyngeus. 
IX-f. 1. d.-fibres from the motor IX root to the fasciculus longi- 

IX-Z. X.-communicating root I X  to r. lateralis vagi. 
jug. g.-the general cutaneous ganglion of the vagus, jugular 

R.-common communis root from geniculate ganglion for rr. max- 

Ri.-the head kidney. 
Z.-lateral reticular area of spinal cord. 
LA .-lachrymal bone. 
lev.-nerves for the levator muscles of the pectoral fin. 
Z. g. X.-ganglion of the r. lateralis vagi. 
lob. tnf.-lobi inferiores. 
Zob. X.-lobus vagi. 
m. ad. a#.-branch of r. opercularis profundus VII  for m. adduc- 

m. ad. avc. pal.-m. adductor arcus palatini. 
m. ad. hy.-branch of r. opercularis profundus for m. adductor 

m. ad. man.-m. adductor mandibulzs. 
m. ad. o$.-branch of r. opercularis profundus VII  form. adduc- 

m .  a. m.-branches of the infra-orbital trunk (r. mandibularis V) 

man. c. -naked organ, representing a mandibular commissure 

man. ext. VII.-ramus mandibularis externus facialis. 
man. V.-ramus mandibularis V. 
man. V11-ramus mandibularis VII. 
m. 6. 0. s.-branch of second branchial trunk for m. branchialis 

m. diZ. 0.-m. dilator operculi. 
m. d. o#.-branch of infra-orbital trunk for m. depressor operculi. 
men.-meninges. 
m. g-hy.-branch of the r. mandibularis V, which, after anasto- 

mosing with the r. mandibularis VII ,  supplies the m. geniohyoideus. 
m. ivz.-branch of r. mandibularis V for the m. intermandibularis. 
m. C. a. $.-branch of infra-orbital trunk for m. levator arcus 

tudinalis dorsalis. 

ganglion of Shore and Strong. 

illaris and ophthalmicus superficialis. 

tor arcus palatini. 

hyomandibularis. 

tor operculi. 

for the m. adductor mandibulz. 

(" pit-line") on the lower lip. 

obliquus superior. 

palatini. 
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m. lev. 09.-branch of r. opercularis profundus VII for m. levator 

m. lev. p.-m. levator arcus palatini. 
m. 1. a$.-m. levator operculi. 
m. n. V.-motor nucleus of the trigeminus. 
m. n. VZ-motor nucleus of the abducens. 
m. n. VII-motor nucleus of the facialis. 
mn. r .  to mn. 5.-organs of the mandibular canal. 
fn. 0. d.-branch of third branchial n. for m. obliquus dorsalis. 
m. 0. d. $.-branch of fourth truncus branchialis vagi for m. obli- 

mot. 1X.-motor root of the glossopharyngeus. 
mot. V.-motor root of the trigeminus. 
mot. VIL-motor root of the facialis. 
mot. X.-motor root of the vagus. 
m. $. c. 2:-the m. pharyngo-clavicularis internus. 
792, ph. c. e.-branch of vagus for m. pharyngo-clavicularis externus. 
m. $A. c. i.-branch of vagus for m. pharyngo-clavicularis internus. 
m. $h. t.-branch of vagus for m. pharyngeus transversus. 
m. $. L-mandibular pit-line. 
m. $. I. to m. 9. 4.-pores of the mandibular canal. 
m. Y. d.-branch of vagus for m. retractor arcus branchii dorsalis. 
m. trap. -trapezius muscle (m. protractor scapuls). 
m. tr. d.-branch of vagus for m, transversus dorsalis. 
712. VZI. r .  to m. V I L  zz.-branches of the r. mandibularis VII. 
mx. V.-ramus maxillaris V. 
m. r.  to m. 3.-organs of the main lateral line canal of the head. 
m. +-organ of the occipital commissure. 
NA.-nasal bone. 
n. a.-nucleus ambiguus. 
n. a. a. -anterior nasal aperture. 
n. a. 9.-posterior nasal aperture. 
n. fn.-nucleus fusiculi. 
n. I.-the olfactory nerve. 
n. I(.--the optic nerve. 
n. IIL -the oculomotor nerve. 
oc. c.--occipital commissure of lateral line system. 
o. i-m. obliquus inferior. 
o. 1X.-apparent (superficial) origin of the IX nerve. 
0. i. r to o. i r5.-organs of the infra-orbital lateral line. 
o. 1. -optic lobe. 
o. m. VIL-apparent origin of the motor VII nerve. 
0 P. -0percular bone. 
oph.-ramus ophthalmicus trigemini. 
09. $. VIZ. -ramus opercularis profundus facialis. 
0). #. I. to op. 9. 6.-pores of the opercular canal. 

operculi. 

quus dorsalis posterior. 
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0. pr. -the ramus ophthalmicus profundus. 
0. pr.  r.-fibres from Gasserian ganglion to lateral lobe of the first 

09. S. VIL-ramus opercularis superficialis of the truncus hyoman- 

09. s. VII. r. to op. s. VIZ. 5.-first to fifth branches of r. opercu- 

09. X. r. to op. X. 4.-branches of the ramus opercularis vagi. 
09. I. to op. 7.-organs of the opercular canal. 
0. r. L-apparent origin of r. lateralis vagi. 
0. 3.-m. obliquus superior. 
0. s. r. to 0. s. 6.-organs of the supra-orbital canal. 
0. V.-apparent origin of the V nerve. 
0. VL-apparent origin of the VI nerve. 
0. X.-apparent origin of the vagus nerve. 
0. r. to 0. +-organs of the ventral opercular pit-line. 
0. 5.-similar organ on the dorsal edge of the operculum. 
0. 6.-similar organ on the cephalic edge of the operculum. 
paL-the ramus palatinus facialis. 
$&.-pseudobranch. 
p.  c.-posterior semicircular canal. 
pc. n. -paracentral nucleus. 
PA. d.-branch of the vagus for the most caudal superior pharyn. 

#A. 1X.-ramus pharyngeus IX. 
ph. v.-branches of the vagus for the inferior pharyngeal teeth. 
$A. X. and jh .  X. I. toph. X. 3.-pharyngeal rami of first to third 

PO.-most dorsal post-orbital bone. 
POP.-preopercular bone. 
post. and post. r. to post 4.-post-trematic rami of the first to fourth 

branchial trunks of the vagus. 
post. 2. d. andpost. 2. v.-dorsal and ventral ramuli of the second 

post-trematic ramus. 
$re. and $re. I. to $re. 2.-pre-trematic rami of the first to fourth 

branchial trunks of the vagus. 
PRO. -prootic bone. 
PS.-parasphenoid bone. 
r. a. a-ramulus acusticus ampulla: anterioris. 
y. a. e.-ramulus acusticus ampulla: externa:. 
r. a. $.--ramulus acusticus ampulla: posterioris. 
t: 6.-m. retractor bulbi. 
r. 6uc. -ramus buccalis facialis. 
Y .  car.-ramus cardiacus vagi. 
r. ceYv.-ramus cervicalis, Furbringer; " hypoglossus " of authors. 
r. corn.-ramus communicans, or sensory portion of dorsal branch 

sympathetic ganglion, supposed to enter the r. oph. profundus. 

dibularis. 

laris superficialis VII. 

geal teeth. 

branchial trunks. 

of spinal nerves. 

U 



450 JOURNAL OF COMPARATIVE NEUROLOGY. 

r. corn. b.--ramus communicans between first spinal nerve b and 

r. corn. 2.-do. between second spinal nerve and r. lateralis 

Y. corn. 3.-do. do. third spinal nerve do. 
Y. corn. 4.-do. do. fourth spinal nerve do. 
r. ctct. dors. X.-ramus cutaneous dorsalis vagi. 
r. e.-m. rectus externus. 
Y. k.-fine fibred slip of m. rectus externus. 
rec. r. to rec. 3. -roots of the ramus lateralis accessorius (recurrent 

7.  z;f.-m. rectus inferior. 
Y. intest. X-ramus intestinalis vagi. 
r. it. -m. rectus internus. 
r. 1X.-root of the glossopharyngeus. 
r. 1.-ramulus acusticus lagenz. 
7: Zat. ac.-ramus lateralis accessorius. 
r. Zat. X-ramus lateralis vagi. 
Y. 1. r. to Y. 1. 4.-the first four twigs of the r. lateralis vagi. 
r. piz.-ramus medius of spinal nerves. 
r. m. 6.-ramus medius of first spinal nerve 6. 
r. m, c.-ramus medius of first spinal nerve c. 
Y. rn. 2. to Y. m. 4.-ramus medius of second to fourth spinal nerves. 
r. n.-ramulus acusticus neglectus. 
Y. oes.-esophageal rami of the vagus. 
r . opk. sup. I/. --ramus ophthalmicus superficialis trigemini. 
Y. oph. sz@. YI/.-ramus ophthalmicus superficialis facialis. 
r. op. V.-ramus opercularis trigemini 
r. 09. X.-ramus opercularis vagi. 
r. ol.-ramus oticus. 
Y. ot. c.-the general cutaneous component of the r. oticus. 
Y. ot. 1.-the lateralis component of the r. oticus. 
r. r. u.-ramulus acusticus recessus utriculi. 
r. s.-m. rectus superior. 
Y. sac.-ramulus acusticus sacculi. 
Y. sp.-ramus spinosus, or motor portion of dorsal branch of spinal 

r. sp. 6.-ramus spinosus of first spinal nerve 6. 
Y. sp. c.-ramus spinosus of first spinal nerve c.. 
r. sp. 2. to Y. sp. q-ranius spinosus of second to fourth spinal 

Y. st. X. -ramus supratemporalis vagi. 
Y. w.-ramus ventralis of spinal nerves. 
Y. v. b.-ramus ventralis of first spinal nerve b. 
Y. v. c.-ramus ventralis of first spinal nerve c. 
Y. w. 6 + c.-the combined ventral rami of the first spinal nerves 

the r. lateralis accessorius. 

accessorius. 

roots of the facial). 

nerves. 

nerves. 

b and c. 
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r. VIL j. t.-ramus pre-trematicus facialis. 
Y. v. 2. to Y. v.  4.-the ventral rami of the second to fourth spinal 

rx. b.-radix brevis of ciliary ganglion. 
YX. I.-radix longa of ciliary ganglion. 
s . c. -subcranial canal. 
sec. VIIL-secondary acoustic bundle, from tuberculum acusticnm 

to cerebellum of same side. 
sec. X.-secondary vagus bundle (Mayser), from lobus vagi to 

cerebellum of same side. 
so. I. to so. 14.-branches of the supra-orbital trunk. 
sj. g.-spinal ganglion. 
sj. V. 1.-spinal V tract. 
s j .  VIIL-spinal VIII tract. 
s. j. I .  to s. p .  5.-pores of the supra-orbital canal. 
SQ-squamosal (pterotic) bone. 
sy.-the sympathetic nervous system. 
sy. c.-the left conimissural root of the n. splanchnicus. 
sy. ojh. sup.-sympathetic fibres for the r. ophthalmicus super- 

sy. rec. 3.-sympathetic root for the third root of the r. lateralis 

sy. I .  to sy. 7.-ganglia of the head part of the sympathetic chain. 
sy. I. 2.-lateral lobe of the first sympathetic ganglion. 
sy. I. m.-median lobe of the first sympathetic ganglion. 
t. a.-tuberculum acusticum. 
t. f. I and t. f. 2.-first and second anastomosing nerves from the 

t. Am.-truncus hyomandibularis. 
t. inf.-infra-orbital trunk. containing the r. mandibularis V and 

the r. maxillaris and the r. buccalis, together with communis fibres. 
tr. 6. t .  -tractus bulbo-tectalis, carrying fibres from the lobus 

vagi and tuberculum acusticum to the optic tecturn of the opposite 
side. 

nerves. 

ficialis. 

accessorius. 

trigeminus to the truncus hyomandibularis. 

t. so. -truncus supra-orbitalis. 
t. X. I. to t. X. +-the four trunci branchiales vagi. 
11.-utriculus. 
V.-the root of the trigeminus. 
v. d.-ventral root of the first spinal nerve 6. 
v. c.-ventral rod  of the first spinal nerve c. 
VL-the n. abducens. 
VIII-the n. acusticus. 
VIII-d. I.-anastomosing root beteen the VIII and dorsal lateralis 

VII roots. 
v. (at. VIL-ventral lateralis root of the facialis. 
v. Z. g. VIL-the ventral lateral line ganglion of the facialis. 
v. m. -post-zonal ventral musculature. 
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lark V and the r. mandibularis VII. 
V- VIL I. and V- VIL 2.-anastomoses between the r. mandibu 

XI.-branch of the vagus to the m. trapezius (n. accessorius). 
I. 2. a. e. to 4. 2. a. e.-branches of the IX nerve and of the first 

three branchial trunks of the vagus for the four levator arcus branch? 
externus muscles. 

I. 2. a. i-branch of IX n. for first m. levator arcus branchii 
internus. 
2. 2. a. 2.-branch of second branchial trunk of vagus for second m. 

levator arcus branchii internus. 
4. Z. 6. e.-the fourth levator arcus branchii externus muscle. 

PLATE XIV. 

Figure z.-Transection through the body of Menidia just in front 
of the first spinal nerve (685. cf. fig. 3), xz8. Drawn by Mr. F. W. J. 
Veenfliet from a Weigert preparation, after fixation in Flemming’s 
fluid. 

Figure 2.-Transection similar to the last at the origin of the hyo- 
The section is slightly mandibular and palatine nerves (514)~ x28. 

oblique and the skin is defective on the dorsal surface. 

PLATE XV. 

Ftgure 3. -The cranial and first spinal nerves of Menidia gracilis, 
reconstructed from serial sections and projected upon the sagittal 
plane, x 23. The entire plot was constructed from the left side of a 
single specimen. No details were introduced from other specimens, 
though almost every point WAS controlled on the opposite side of this 
specimen and on other series of sections. The plot is drawn as if 
seen from the right side, the drawing having been reversed during 
the process of reconstruction. The correct relations would be given 
by the mirror-image of the plate as printed. 

The outlines of the brain, eye and mouth cavity are given in black 
lines, the outlines of the lateral line canals in green lines. The sym- 
pathetic nervous system behind the trigeminus is omitted, also the 
motor component of the vagus, the general cutaneous component of 
the r. oticus and numerous details of the proximal portions of the 
cranial nerves. 

All lateral line organs contained in canals are drawn as brown 
rings, all naked lateral line organs, “pit-line” organs, etc., as brown 
discs. Taste buds of themouth cavity and lips are not drawn in. 
All sense organs of the outer skin supposed to belong to the commu- 
nis system are drawn as red discs. The organs of the lateral lines 
are referred to in the text by number, counting in each line from be- 
fore backwards. The scales at the top and bottom of the plate indi- 
cate the serial numbers of the sections. The latter were 15 micra in 

Compare the enlarged plot of this region, fig. 4. 
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thickness. No measurements are given in the text. These can be 
easily deduced from the plot. 

Compare the enlarged plot on fig. 4, the isolated reconstruction of 
the acustico-lateral system on fig. 5 and the diagrammatic cross- 
sections, figs. 8 to 12. 

PLATE XVI. 

Figwe 4.-An enlarged projection of a portion of the same speci- 
men as figured on the preceding plate, showing the proximal courses 
of the nerves, x 47. The same color scheme as in fig. 3. The trans- 
verse parallel lines across the roots of the nerves indicate the points 
where they leave the medulla oblongata. The ganglia are drawn 
with lighter shades of the same colors as used for their nerves. 

PLATE XVII. 

Fzgure 5. The acustico-lateral system of nerves, sense organs 
and canals, as seen from the left (apparently right) side, x 23. 
Based upon fig. 3, q. v. The outlines of the nose, eye and mem- 
branous ear are indicated and colored a neutral tint, the outline of 
the nasal organ being heavier in the sensory portion of the nasal sac. 
The canals and sense organs are colored in accordance with their 
innervation; thus, the r. lateralis vagi, green; the r. supra-tempo- 
ralis vagi, olive green ; the auditory nerve, grey; the r. mandibularis 
externus VII and the r. opercularis superficialis VII, yellow; the r. 
buccalis, red ; the r. oticus, red-brown ; the r. ophthalmicus super- 
ficialis VII, chocolate brown. In the canals are indicated the limits 
of the cranial bones to which the canals are related. All details are 
drawn from a single specimen, except the organs 0. I, 0. a and 
man. c., supplied from other specimens on account of defects in the 
sections used for the plot. 

PLATE XVIII. 

Figure 6.-The lateral lines of Lophius piscatorius, 12 cm. long, 
natural size, seen from above. Adapted from Guitel, '91, p 139. 
The several lines have been colored in accordance with their inner- 
vation, the same colors being used as in the figure of the acustico- 
lateral system of Menidia (fig. 5) ,  which see. See also the text, 
Section 2, 111. The other 
reference letters refer to the lateral lines ; see the text. 

Fzgzcre 7.-A reconstruction of the first spinal nerve, projected 
upon the sagittal plane,X 66. This complex includes the occipito- 
spinal nerves 6 and c of Fiirbringer. The sensory component is col- 
ored yellow, the motor blue-dark blue in the case of nerves arising 
from the root c, and light blue from the root 6.  

a. a. p., the posterior nasal aperture. 
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Fzgure &-Projection of the fourth spinal nerve upon the trans- 
verse plane, x 33. This and the other diagrammatic cross-sections 
(figs. 9 to 12) are conventionally colored to correspond with the colors 
of fig. 3. They were constructed by the superposition of a series of 
camera lucida outlines of transections. They are diagrammatic, but 
not hypothetical, since no components are entered save those actually 
observed in the sections. 

Fz'gure 9.-Similar projection to exhibit the composition of the 

Figure ro.-Similar projection to exhibit the composition of the 

Figure rr. -Similar projection to exhibit the composition of the 

Fzgure rz.-Similar projection to exhibit the composition of the 

Figure +-Diagram of the relations of the eye-muscle nerves of 
T o  be compared with fig. 12 of Allis' paper, '97. 

Figure rq.-Similar diagram of the eye-muscle nerves of Am- 

vagus nerve. 

glossopharyngeal nerve. 

facial nerve. 

trigeminus nerve. 

Menidia. 

blystoma. 

PLATE XIX. 

Fzgwre z5.-Transection of the oblongata of a young specimen of 
Mugil cephalus L., the striped mullet, taken a t  the extreme caudal 
end of the lobus vagi, + 50. Shows the spinal V tract entering the 
nucleus funiculi, the caudal part of the nucleus ambiguus and lobus 
vagi and the cephalic ends of the paracentral nucleus and ventral 
cornu. 

Figure r6.-Transection of Menidia a t  the level of the first spinal 
nerve c (TI& x 50. Shows the ventral root arising from both the 
ventral corm and the fasciculus longitudinalis dorsalis, also the com- 
position of the brachial plexus. 

Fzlgure r7. -Transection of Menidia through the lobus vagi and 
emerging vagus roots (640), x 50. The  section includes the caudal 
tips of the cerebellum and tuberculum acusticum. 

FQure r8.-Transection of Menidia through the tuberculum acus- 
ticum and cerebellar crest (605), x 50. The section shows the central 
courses of the sensory and motor IX and the apparent origins of the 
r. lateralis vagi and the caudal root of the VIII. 

Fzgure 19.-Transection of Menidia at the apparent origins of the 
VII I  and VII  nerves (577), x 50. The cerebellar crest fuses with 
the lateral lobe of the cerebellum. 

Fzgure 20.-Transection of Menidia a t  the level of the apparent 
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origin of the V nerve ( 5 5 9 ,  x 50. The motor V nucleus lies not at 
the point indicated by the letters m. n. v., but a few sections farther 
cephalad in the corresponding position. 

Fzgzlre zz.-Transection of the V -t VII ganglionic complex of 
Menidia through the geriiculate ganglion (szg), x 50. 

PLATE XX. 

Figure 22.-Transection of the V + VII roots of Menidia at the 
level at which the ganglionic complex passes through a foramen to 
the outer side of the cranial wall ( ~ o o ) ,  x 50. 

Figure z~.--Similar transection at the origin of the infra-orbital 
trunk (4851, X 50. 

Figure 24, -Similar transection farther cephalad, showing the 
median and lateral lobes of the first ganglion of the sympathetic 
chain (481), x 50. 

Figure rg.-Similar section farther cephalad, showing the origin 
of the radix longa of the ciliary ganglion and of the r. ophthalmicus 
profundus (478), x 50. 

Figure 26.-A projection on the transverse plane of the course of 
the first facial root of the r. lateralis accessorius and the mode of its 
origin from the geniculate ganglion. A composite constructed by 
the superposition of a series of camera lucida outlines of transverse 
sections, x 50. The numbers represent the serial section numbers at 
the points where they are placed. At the point marked X the second 
root of the r. lateralis accessorius joins the first root. 

Figure 27.-A camera sketch of a preparation of the left operculum 
of Menidia, x 10. See the text, Section 7, IV, 2. 
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